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CATALYTIC PROCESS FOR PRODUCING
~ SILAHYDROCARBONS

" BACKGROUND OF THE INVENTION 5

The invention relates to processes for producing
silahydrocarbons. |

Organosilicon fluids are well known and used as
 additives or substitutes for hydrocarbon oil based hy-

-draulic fluids. For instance, hydraulic fluids comprising
alkyl substituted silanes exhibit desirable properties
even when subject to wide variations in temperature,
- see U.S. Pat. No. 2,872,471 and U.S. Pat. No. 2,962,335
~ which disclose hydraulic fluids comprising tetraalkylsi-
lanes 1n which the alkyl groups are the same or differ- 12
ent. |
As demands increase for fluids having greater versa-
tility and particularly oxidative stability at elevated
- temperatures in oils, greases, and hydraulic fluids, more
attention has been directed toward silahydrocarbons, 20
such as tetraalkylsilanes. -

A disadvantage in the preparation of silahydrocar-
bons such as tetraalkylsilanes is the excessive time re-
quired for reaction. U.S. Pat. No. 4,367,343 describes
reactions for preparation of tetraalkylsilanes requiring 2>
18 to 40 hours to complete. Similarly an article by Tam-

borski et al, Ind. Eng. Chem. Prod. Res. Dev., (1983) 22,
~ 172-178 describing reactions reqmrmg 18-48 hours to
complete

The heretofore known methods of preparmg tetraalk- 30
‘yisilanes are time consuming and therefore costly. Ac-
- cordingly, an object of this invention is to provide
- methods of preparing tetraalkylsilanes with substantial

reductions in reaction time. |

SUMMARY OF THE INVENTION

According to this invention, silahydrocarbons such
as tetraorganosilanes are prepared from halo-substituted
silanes and an organomagnesium compound in the pres-
ence of a Catalytically effective amount of a cyamde. 40

DETAILED DESCRIPTION OF THE
- INVENTION

The term silahydrocarbon, as used herein, means
compounds of silicon substituted with at least one, and 45
often three or four, hydrocarbon groups. Silahydrocar-.
bons include tetraalkylsilanes which may be symmetri-
cally substituted, such as Si(CHs)4, or non-symmetri-
- cally substituted, such as CH3Si(Ci12H25)3. Silahydro-
carbons include organosilicon compounds having a 50
single silicon atom, such as tetraalkylsilane, tetraarylsi- .
lane or tetra(alkyl aryl)silanes. Silahydrocarbons also
include organosilicon compounds having more than one
silicon atom such as organo-substituted 1,2-disilyle-
 thane, e.g. hexaalkyl-1, 2-d1$11ylethane, hexaaryl 1,2- 55

dlsllylethane and the like.

As is well known, the pmpcrtles of the silahydrocar-
bons, such as vapor pressure, boiling point, viscosity
and thermal stability may be controlled by the selection
- of the hydrocarbon substituents. For instance, with 60
alkyl substituted silanes as the length of the carbon
- chain increases, the boiling point normally increases.
Also, viscosity, pour point and crystallizing point are
strongly influenced by the molecular size and shape of

35

- . the silahydrocarbon molecule. Preferred silahydrocar- 65
- bons with optional prc)pertles, e.g. for use as hydraulic

fluids, can comprise mixed organo substituents or
blends of mixed organo substituents. For instance, such
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silahydrocarbons can comprise alkyl, aryl or alkaryl
substituted silanes; mixed alkyl, aryl or alkaryl substi-
tuted silanes or mixtures thereof.

One preferred silahydrocarbon based hydraulic flmd
comprises a blend of mixed alkyl substituted silanes
where the alkyl substituents are methyl, octyl and decyl
groups (HYDRAULIC BLEND). Such HYDRAU- -
LIC BLEND comprises methyltrioctylsilane (about
35%), methyldioctyldecylsilane (about 45%), me-
thyloctyldecylsilane (about 18%) and methyliridecylsi-

- lane (about 2%).

The term “halo-substituted silanes”, as used herein
means silicon compounds, including organosilicon com-

pounds having at least one halogen moiety, e.g. chlo- .

ride, substituted on a silicon atom. For instance, halo-
substituted silanes having a single silicon atom can be

- represented by the structural formula SiX,R4 . ,; where

X is halogen, e.g. chloride; R is hydrogen, alkyl such as
methyl, butyl, octyl and the like, aryl such as phenyi,
alkaryl such as benzyl, alkoxy such as methoxy, ethoxy

“and the like, amino, siloxy including substituted siloxy

such as halo-substituted siloxy; and n 1s an integer, gen-
erally 1-3. Preparation of trihalo-substituted silanes, a
useful and convenient material for the process of this
invention, is well known. See U.S. Pat. No. 2,654,771,

“hereby incorporated by reference, showing, e.g. in Ex-

ample 1, a preparation of trihalo-substituted silanes from
silicon chloride and methylmagnesium chloride.
In the process of this invention halo-substituted si-

 lanes are mixed with organomagnesium compounds
- which can react to provide organic moiety substltutlon

of such halo-substituted silanes.
Organomagnesium compounds can be Grignard rea-

- gents, or mixtures of Grignard reagents, represented by

the structural formula RMgX, where X 1s a halogen
such as bromine, and R is alkyl such as octyl, cycloalkyl

~ such as cyclohexyl, aryl such as phenyl, aralkyl such as

2-phenyl ethyl, alkaryl such as tolyl or a heterocyclic
group such as pyridyl. The preparation of Grignard

. reagents is well known. For instance, Grignard reagents
~ are typically prepared in an anhydrous ether medium by

the addition of an alkyl or aryl halide to metallic magne-
sium. Commonly used ethers include dlethyl ether and
THF.

Organomagnesium compounds can also be dior-

~ ganomagnesium, or mixtures of diorganomagnesium,

represented by the structural formula RyMg, where R is
an alkyl, aryl, alkaryl or other group as described above
with respect to Grignard reagent. Diorganomagnesium
can be prepared by disproportionation of a Grignard

~ reagent, e.g. by reacting a Grignard reagent with diox-

ane. More preferably, where R is alkyl, aralkyl or other
substituted alkyl, diorganomagnesium can be prepared
by methods disclosed in U.S. Pat. No. 4,329,301, and

European Patent publication EP No. 0 157 297 A1, both
of which are incorporated herein by reference. Such

- synthesis is typically conducted in two steps. Magne-

sium is first hydrogenated in the presence of a catalyst,
e.g. anthracene and chromium chloride under mild
conditions, e.g. about 20° (temperatures reported herein
are in Celsius), in an anhydrous ether, e.g. THF. Magne-
sium hydride is then caused to react with an alpha-olefin
in the presence of a catalyst, e.g. zirconium halide, at
elevated temperature to provide a diorganomagnesium,
e.g. dialkylmagnesium. Such a two-step procedure is
illustrated in the following equations:
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CrCls (I)
Mg + H ant.l%ﬁc;ne 9 MgH;
ZI’X4 (H) 5

MgH> + 2CgHie WME(CBHIT)Z

The magnesium hydride is added across the double
bond of the olefin, e.g. 1-octene, to produce dioctyl-

magnestum. Zirconium halide catalysts employed in this
reaction are highly specific, producing only straight
chain dialkylmagnesium. Such diorganomagnesium is
believed to be more reactive than Grignard reagents
and is generally preferred over Grignard reagent be-
cause there are two organo groups with each magne-
sium atom rather than one alkyl group per magnesium
atom as in the Grignard reagent. Moreover, dior-
ganomagnesium is often preferred because it can be
made from an olefin rather than an alkyl halide. In some
cases blends of olefins can be used to prepare mixed
dialkyl magnesium. For instance in the preparation of 20
HYDRAULIC BLEND silahydrocarbons, the pre-
ferred dialkyl magnesium is prepared from a mixture of
octene (70 mol %) and decene (30 mol %).

According to the processes of this invention silahy-
drocarbons are preferably prepared by combining halo-
substituted silanes and organomagnesium compounds in
a reaction medium comprising a Grignard stable sol-

10

15

25

-vent. The phrase *“Grignard stable solvent”, as used

-.. herein, means an organic compound that is substantially

unreactive with a Grignard reagent or mixture of such 39
compounds. Such compounds include ethers, for in-

- stance alkyl ethers such as diethyl ether, dipropyl ether,

ethyl propyl ether, ethyl methyl ether, dibutyl ether,
dioctyl ether and the like; diaryl ethers, such as di-
phenyl ether; alkyl aryl ethers, such as anisole and cyc- 37
lic ethers such as tetrahydrofuran (THF). Other com-
pounds include alkyl, aryl or aralkyl compounds devoid

- of protons attached to electronegative elements, such as

oxygen, nitrogen, sulfur or triple bonded carbon; such
-~ other compounds may include alkanes, such as octane, 40

......

- decane, and the like, including cycloalkanes, such as
- cyclohexane, olefins, such as octene, heptene and the

like; aromatic compounds, such as benzene, toluene,
and halogenated aromatic compounds such as chloro-
benzene. 45

In one embodiment of this invention, e.g. as illus-
trated 1n more detail in Example 1 below, dioctylmag-
nesium is caused to react with methyltrichlorosilane in
the presence of a catalytically effective amount of cu-
prous cyanide. After only two hours, the catalyzed 30
process of this invention resulted in about 96% of the
methyl trichlorosilane being converted to methyltrioc-
tylsilane (MTOS).

The high yields resulting from reactions of this inven-
tion are distinguished from the relatively low yields 55

~ afforded by the prior art processes conducted without a

catalyst of this invention, e.g. as illustrated in more
detail in Example 2 below. Even when conducted over
an extended 19 hour period such prior art process
yielded only about 149 MTGQOS, about 9% of the inter- 60
mediate methyldioctylsilyl chloride and large quanti-
ties, e.g. about 58% of the by-product methyldioctylsi-
lyl hydride.

The processes of this invention are conducted in the
presence of a tyanide, preferably in the presence of a 65

~catalytically effective amount of a cyanide. By “cya-

nide” is meant a compound containing at least one
cyano group. In many embodiments of the processes of

4

this invention the cyanide is present in a catalytically
effective amount such that the molar ratio of cyanide to
amount of halo-substituted silane added to the reaction
medium 1s less than about 0.2:1. In many other embodi-
ments the cyanide is present in a catalytically effective
amount such that the molar ratio of the cyanmde to the

silane 1s Iess than about 0.1:1 or lower say about 0.05:1.
In even other cases the formation of silahydrocarbons is

catalytically effected by lower levels of cyanide, e.g.
where such molar ratio i1s less than about 0.03:1, say
about 0.01:1, or even lower.

As stated above, and in accordance with this inven-
tion, a halo-substituted silane is caused to react with an
organomagnesium compound in the presence of a cata-
lytically effective amount of a cyanide. Exemplary cya-
nides found to be catalytically effective in the process of
this invention include cuprous cyanide, quaternary am-
monium cyanides such as tetraethylammonium cyanide
and tetra-n-butylammonium cyanide, silver cyanide,
gold cyanide, dipotassium hexacyano-platinate, tri-n-
butyltin cyanide, cyanogen bromide, mercuric cyanide,
molybdenum tetracyanide, vanadyl cyanide, dipotas-
sium tetracyanopalladate, diethylaluminum cyanide,
and silyl cyanides such as trimethylsilyl cyanide. Other
cyanides which have been demonstrated as catalytically
effective include potassium selenocyanate, sodium
dicyanamide, allyl cyanide, and, to a lesser extent and
only marginally effective, calcium cyanamide. It is rea-
sonable to assume that other noninterfering cyanides, or
compounds which may produce a cyano group in an
ionic form in the reaction medium, are expected to be
catalytically effective in processes of this invention.
Other effective materials can comprise cyano-contain-
ing anion exchange resin. It has been found that with
respect to certain Groups of the Periodic Table only the
cyano salts of selected metals were catalytically effec-
tive. For example, certain cyano compounds of lithium,
chromium, iron, cobalt, nickel and zinc were not found
to be catalytically effective. In this regard, it has been
demonstrated that nickel and chromium cyanides have
a tendency io catalyze side reactions producing silyl
hydride by-products, e.g. (CgH7)2(CH3)SiH.

The process of this invention can be conducted gen-
erally at any desired temperature which the solvent is in
a hiquid state, for instance at any temperature below the
boiling point of the solvent. Although not generally
desirable, higher temperatures can be used, e.g. with
reflux. The lower limit of process temperature is often
governed by the solubility of reactant materials. Since
the process of this invention comprises an exothermic
reaction, cooling is often employed. Conveniently de-
sirable reaction temperatures range from as low as
about 0° or lower, for instance as low as about —20°, to
as high as about 50° or higher. In many cases the reac-
tion 1s preferably carried out no higher than about
60°-70°. |

Conveniently, the halo-substituted silanes are often
added to a medium comprising solvent, excess oOf-
ganomagnesium compound and catalyst over a period
of time to avoid excessive elevation of temperature of
the reaction medium. To provide reaction control it is
generally considered desirable, although not necessary,
practice t0 maintain a substantially uniform tempera-
ture. Of course process conditions will vary according
to the particular silahydrocarbon being prepared, the
particular organomagnesium compound being em-
ployed and/or the particular catalyst used.
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Upon completion of the reaction, e.g. as indicated by
the termination of exothermic heat of reaction, the
.stlahydrocarbon products can be recovered from the
reaction medium by first neutralizing any remaining
reactants, Water, e.g. chilled water or a water/ice
slurry, is conveniently added to the reaction medium to
neutralize any unreacted magnesium compound, e.g.
“magnesium, magnesium hydride, diorganomagnesium,

Grignard reagent or magnesium chloride. A mineral

acid, e.g. HCI, can be also conveniently added to assist
- in neutralizing reactants and to provide an acidic me-
~ dium, e.g. to minimize foaming.
It is generally preferred to avoid the addition of
water to anything but a minimal amount of partially-
reacted halo-silanes. In this regard, the hydration reac-
tion of water with alkyl trichlorosilane can result in a
crosslinked polymer; with dialkyl dichlorosilanes, in a
siloxane polymer; and with trialkylchlorosilane, in a
- stlanol which can dimerize. Those hydration products

can also react among themselves to form other prod-

ucts. To facilitate the separation of silahydrocarbons
from the reaction medium the production of such silane
hydration products can be minimized by utilizing an
excess of the organomagnesium compound and by add-
ing the halosilane incrementally to the organomag-
- nesium reaction medium. | |

- .. The mixture. of water (and optionally mineral acid)

+ ~and reaction medium can be separated into an organic

-~ phase comprising silahydrocarbon and an aqueous

- phase which optionally can be extracted, e.g. with an
~+ organic liquid such as toluene, to remove residual
- silahydrocarbon. The organic phase is often conve-

- niently filtered, e.g. through diatomaceous earth, to
remove inorganic salts and other solid impurities, e.g.

- cyanide catalyst or catalyst from the production of
... Organomagnesium . compound or polymerized by-
. products. The silahydrocarbon is conveniently recov-
-z ered from the other organic phase materials, e.g. Grign-
- i+ ard solvents such as THF, residual olefins and optional

- “extractants such as toluene by stripping, e.g. at reduced

- pressure and/or elevated temperature. Stripping can be

effected in a number of stages. Low boilers such as
- Grignard solvents and olefins can be removed under

moderate stripping conditions; while high boilers such

as anthracene (which is often residual from the produc-
tion of diorganomagnesium and manifested by fluores-
cence) and silane byproducts such as trialkylsilane hy-
dride can be removed under generally more severe
stripping conditions such as low pressure, e.g. about 0.5
‘mm pressure. It has been found desirable in some in-
stances to treat recovered silahydrocarbons in active
alumina columns to effect removal of residual anthra-
- cene and/or color bodies, e.g. compounds exhibiting
- yellow color and fluorescence.

- The following examples will illustrate various em-

bodiments of the process of this invention, without

intending to imply any limitation to the scope of the
invention. Whiie equally applicable to the preparation
- of other silahydrocarbons, the process improvement of

the instant invention will be described 1n principal part

D
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EXAMPLE 1

This example illustrates the preparation MTOS from
a dialkylmagnesium compound, an alkyltrlhalosﬂane |
and a cyanide catalyst.

Dloctylmagnesmm was prepared essentially as de-

scribed in Example 12 of U.S. Pat. No. 4,329,301 to
provide a 1.18M solution of dioctylmagnesium in THF.

0.82 g (2.6 mmoles) of dry docosane, an effectively
inert substance used as standard for gas chromato-
graphic quantitation, was added to 12 ml of the solution
of dioctylmagnesium (14.15 mmoles). The solution was

~stirred in a 10° bath under argon. 0.0263 g (0.3 mmoles)

of cuprous cyanide was added. 1.9 ml of a 2.6M solution
of methyltrichlorosilane (MeSiCl3) (4.9 mmoles) in
THF was added over a 40 minute period. The stirred
solution was held at 10° for an additional 50 minutes,

‘removed to room temperature and stirred for an addi-

tional 50 minutes. The yield of MTOS based on added |
MeSiCl3 was about 96%. The molar ratio of cyanide to
MeSiCly was about 0.06:1. |

EXAMPLE 2

This example illustrates comparative results when the
procedure of Example 1 is carried out without a cya-
nide catalyst. .

0.7¢g (2 6 mmoles) of dry docosane was added to 10
ml of a 1.18M solution of dmctylmagnesmm (11.8
mmoles) in THF.

1.5 ml of a 2.6M solution of MeSiCl3 (3.9 mmoles) in
THF was added over a 40 minute period at 10°, After an
additional two hours at 10° the yield of MTQOS based on
added MeSiCl; was about 49%. After an additional 16
hours at room temperature, the yield of MTOS was
about 14%, while the yield of the intermediate product
methyidioctylsilyl chloride was about 9% and the yield
of the byproduct methyldioctylsilyl hydride was about

589,

435

50

35

60

in the following examples through the description of the

preparation of methyltri-n-octylsilane (MTOS). Yields
reported in the following examples were determined by
- gas chromatography and are based on the amount of
~ trichloromethylsilane. |

65

EXAMPLE 3

This example illustrates the preparation of MTOS
using a Grignard reagent and cyanide catalyst. |

A Grignard reagent was prepared by stu‘rmg 0.8¢g of -
metallic magnesium turnings (33 mmoles) in 20 milli-
liters of dry, degassed THF to which was added in small

- portions 5 ml of 1-bromooctane (29 mmoles) (dried over

magnesium sulfate) under argon. The reaction was
moderated at times with a water bath and the mixture

was heated briefly to near boiling at the end. After

filtration, 25.3 mg of dry cuprous cyanide (0.28 mmoles)
was added. After cooling the solution to 10° under
argon 1.9 ml of 2.6M solution of MeSiCl3 (4.9 mmoles)

in THF was added. The reaction mixture was stirred at

10° for about two hours, then allowed to come to room
temperature. After three hours, the yield of MTOS was

about 909%.

EXAMPLE 4

This example illustrates the preparations of oc-
tadecyldiphenylsilane from octadecylmagnesium bro-
mide and dichlorodiphenylsilane both using cuprous

cyanide as catalyst and comparatively without cuprous

cyanide.

Octadecylmagnesium bromide was prepared from
magnesium turnings (1.22 g, 50 mmoles) in THF (50 ml)
and octadecyl bromide (16.67 g, 50 mmoles) in THF (15
ml) under argon. After adding additional THF (10 ml)
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the solution was filtered warm and divided into two
equal portions. |

The first portion of the octadecylmagnesium bromide
was cooled to 0° and cuprous cyanide (0.12 g 1.34
mmoles) was added with stirring. Then dichlorodi- 5
phenylsilane (1.95 ml, 9.27 mmoles) was added. The
reaction mixture was stirred at 10° for 140 minutes. Gas
chromatographic analysis showed that most of the di-

chlorodiphenylsilane had disappeared during the first
hour of reaction. The mixture was then stirred at room_ 10
temperature for about 16 hours (1.e. overnight). The

reaction mixture was then filtered, quenched with wa-
ter, and acidified slightly with HCI. After extraction
with diethylether, drying (with MgSQ4) and removal of
solvent, a solid was obtained. Extraction with hot hep- 1°
tane and crystallization provided 4.96 g of dioctadecyl-
diphenylsilane. The yield was about 78%.

The second portion of octadecylmagnesium bromide
was treated with dichlorodiphenylsilane (1.95 ml, 9.27
mmoles) according to the above procedure except that
cuprous cyanide was not present. Gas chromatography
showed little decrease in the amount of dichlorodi-
phenylsilane through 24 hours, indicating substantially
no reaction. ’s

20

EXAMPLES 5-8

These examples illustrate the process of this invention
where cyanide compounds, i.e. cuprous and/or potas-
organomagnesium compound, i.e. dioctylmagnesium 30
(RaMg), with a halosilane, i.e. MeSiCls. 15 ml volumes
of 0.582M solution of dioctylmagnesium (8.7 mmoles) in
THF were cooled to 0°. Cyanide catalyst was added as
indicated in Table 1. 35

A volume (indicated in Table 1) of neat MeSiCl; was
added to provide a reaction mixture which was stirred
at 0° for the time indicated in Table 1, usually about 1

_ hour; the reaction mixture was then allowed to warm to
room temperature (RT) and stirring often continued for 44

about 16 hours (i.e. overnight). Analysis by gas chroma-
tography provided yields of MTOS at the times indi-
cated in Table 1. -

Also reported in Table 1 is the molar ratio of catalyst

to halosilane. 45
TABLE 1
Reaction
Catalyst Time

Molar RoMg MeSiCl; (hours)
Ex. Species Ratio (mmol) (mmol) 0° 'RT Yield 20
5. CuCN/ 019 8.7 3.4 1.9 164 71%
KCN

6. KCN 0.05 8.7 3.9 1 16 49%

7. CuCN 0.05 8.7 3.9 I 0.6 80%

8. None 8.7 3.9 1 0.9 119% 55
164  26%

EXAMPLES $-12

These examples illustrate the catalytic effect of silver 60
cyanide, gold cyanide and tetra-n-butyl ammonium
cyanide (NBusCN) in the processes of this invention.
The procedures of Examples 5-8 were repeated except
for the use of catalysts as indicated in Table II and the
reaction being carried out in 17 ml volumes of 0.45M 65
solutions of the dioctyl magnesium (RoMg) in THF.
‘The specific reaction conditions and results are re-
ported in Table II.

TABLE 11

Reaction

Catalyst Time

Molar RoMg MeSiCl; (hours)
Ex. Species Ratio {(mmol) (mmol) 0° RT  Yield
9. AgCN 0.05 1.7 3.4 1.0 0.5 80%
10. AuCN 0.05 1.7 3.4 1.0 0.6 58%
164+  70%
1. NBuwCN  0.05 7.7 3.4 1.2 14 80%
12. None 7.7 3.4 1.2 1.5 16%
164+ 23%

EXAMPLES 13 AND 14

These examples illustrate the catalytic effect of dipo-
tassium tetracyanoplatinate in the processes of this in-
vention. The procedures of Examples 5-8 were re-
peated except for the use of catalyst as indicated in
Table III and the reaction being carried out in 12 mi
volumes of 0.61M solution of the dioctylmagnesium
(R2Mg) in THF. The specific reaction conditions and
results are reported in Table III.

TABLE III

Reaction

Catalyst Time

Molar R2Mg MeSiCi3 _(hours)
Ex. Species Ratio (mmol) (mmol) 0° RT  Yield
13.  KaPt{(CN)g  0.05 7.3 34 1.2 0.7 70%
14. None 1.3 34 1.0 4.6 30%
164+ 33%

EXAMPLES 15-22

These examples further illustrate the catalytic effect
of cyanogen bromide, potassium selenocyanate with
18-crown-6 ether, tetra-n-butylammonium cyanide, cu-
prous cyanide, mercuric cyanide, molybdenum tet-
racyanide, vanadyl cyanide and tri-n-butyltin cyanide
(Bu3SnCN) in the processes of this invention. The pro-
cedures of Examples 5-8 were repeated except for the
use of catalysis as indicated in Table IV and the reaction
being carried out in 11 ml volumes of 0.66M solutions of
dioctylmagnesium (RoMg) in THF. The specific reac-
tion conditions and results are reported in Table IV.

TABLE IV

Reaction

_____ Catalyst Time

Molar RoMg MeSiCly ours
Ex. Species Ratio (mmol) (mmol) 0° RT  Yield
15. BrCN 0.06 7.3 3.4 1.0 0.5 94%
16+ 949
16. KSeCN 0.05 7.3 3.4 1.0 0.7 91%
18-crown-6 164 87%
17. NBusCN 0.05 7.3 1.4 0 0.8 1%
164+ 68%
18. CuCN 0.05 7.3 3.4 0 1.5 67%
16+ 58%
19. Hg(CN), 0.05 7.3 34 1.0 0.7 97%
164 94%
20.. Mo(CN)4 0.05 7.3 34 1.0 1.0 15%
164 72%
2l. VO(CN); 0.05 7.3 3.4 1.0 1.2 56%
16+ 15%
22. BuiSnCN 0.05 7.3 34 1.0 0.7 89%
164 889
23. None 7.3 34 1.0 0.8 12%
16+ 209%
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EXAMPLES 24-27

These examples illustrate the catalytic effect of
cyano-substituted anion exchange resins (Resint CN—),
sodium cyanide, and sodium dicyanamide in the pro-
cesses of this invention. The procedures of Examples
5-8 were repeated except for the use of catalysts as
indicated in Table V and the reaction being carried out
in 12 ml volumes of 0.56M solutions of dioctylmag-
nesium (RoMg) in THF. The specific reaction condi-
tions and results are reported in Table V.

TABLE V-

| R Reaction

. Catalyst Time

| - - Moilar RpMg - MeSiCl; _(hours)
Ex. Species Ratio (mmol) (mmol) 0° RT  Yield
24. ResinT ~0.05 6.7 3.42 1.0 164  34%

CN~— |

25. NaCN 0.05 6.7 342 1.0 14 81%
| 16 83%
26.  NaN(CN); 005 6.7 3.42 1.0 07 T%
o o | 164  83%
27. None 6.7 3.42 1.0 1.0 8%
| 164+ 20%

. 'EXAMPLES 28-33 .
These examples further illustrate the catalytic effect

', - of calcium cyanamide, dipotassium tetracyanopalladate,
- - diethylaluminum cyanide, allyl cyanide and trimethyl-

~silyl cyanide in the processes of this invention. The
procedures of Examples 5-8 were repeated except for
the use of catalysts as indicated in Table VI and the

reaction being carried out in 11 ml volumes of 0.625M

solutions of dioctylmagnesium (RoMg) in THF. The

specific reaction conditions and results are reported in

~ Table VL
, TABLE VI
—Catalyst
| .' Mo- | Reaction
lar | | Time |
Ra- RoMg MeSiCls _(hours)

- Ex. Species tio (mmol)  (mmol) 0° RT  Yield
28. CaNCN 005 6.9 34 1.0 16+ 35%
29. KsoPd(CN)s  0.05 6.9 3.4 1.0 1.7 80%

- 30. EAICN 0.05 6.9 34 1.0 0.9 919%

| | 164+ 96%

31. (Ally)CN 0.05 6.9 3.4 1.0 16+  42%

32. (CH3)3SiCN = 0.05 6.9 3.4 1.0 0.7 95%
| | | | 164+  93%

- 33. " 'None 6.9 34 1.0 0.8 12%

164

32%

'EXAMPLES 34 AND 35

These examples illustrate the catalytic effect of potas-
sium cyanide in the process of this invention. Two 20 ml
“volumes of 0.8M solutions of Grignard reagent, i.e.

N octylmagnesium chloride (RMgCl), in THF were

cooled to 0°. Potassium cyanide was added to one vol-
‘ume as indicated in Table VII. A volume of neat halosi-
lane, i.e. MeSiCl; (as indicated in Table VII), was added
- to each to provide a reaction mixture which was stirred
at 0° for the time indicated in Table VII, usually about
1 hour; then the mixture was allowed to equilibrate to
room temperature with stirring often continued for
about 16 hours (i.e. overnight). Analysis by gas chroma-

- tography provided yields of MTOS at the times indi-

10

cated in Table VII, which also mdlcate the molar ratio
of catalyst to halosilane. |

TABLE VII
5 Reaction
~__Catalyst | Time
Molar RMgCl = MeSiCls ours |
Ex. Species Ratio (mmol) (mmol) 0° RT - Yield
34, KCN 0.05 16 3.4 2 0.5 64%
10 | | 164+ 85%
35. None 16 3.4 2 0.7 27%
| 164 46%
_ EXAMPLES 36-38
15 | . "

These examples further illustrate the catalytic effect
of potassium cyanide and potassium cyanide complexed
with 0.92 equivalents of 18-crown-6 ether in the process -
of this invention. The procedures of Examples 34-35

~o Were repeated except for the use of catalysts indicated
in Table VIII and the reaction being carried out in 19 ml
volumes of 0.84M solutions of the Grignard reagent in
THF. The specific reaction conditions and yields are
reported in Table VIII.
25 TABLE VIII
~ Catalyst | |
| Mo- Reaction
lar ‘Time
Ra- RMgCl MeSiCly _ (hours)
30 Ex. Species tio (mmol) (mmol) 0° RT  Yield
36. . KCN 0.05 16 3.4 1.7 0.6 33%
164+ - 99%
-37. KCN 0.05 16 3.4 1.7 0.8 12%
| 18-crown-6 | 164 80%
38. None 16 34 17 10 28%
35 | 164  48%
EXAMPLES 39 AND 40

-~ These examples further illustrate the catalytic effect
of tetraethylammonium cyanide in the processes of this
- invention. The procedures of Examples- 5~-8 were re-
peated except for the use of catalysts as indicated 1n
Table IX. The specific reaction conditions and yields

45 are reported in Table 1X.
| TABLE IX
Catalyst |
- Mo- Reaction
Jar - Time
50 Ra- RoMg MeSiClz  (hours)

Ex. Species tio (mmol) (mmol) 0° RT  Yield

39. N(C3Hs5)4CN  0.05 16 34 1.0 1.6 94%

| | 16+ 101%

40. None 0.05 16 3.4 1.0 1.8 33%

A 16
55 +  64%
EXAMPLE 40

‘This example illustrates a further process of this in-

60 vention in which p-tolyltriphenyisilane is prepared from

p-tolyltnchlorosﬂane and phenylmagnesium bromide

using cuprous cyanide as catalyst. 16 mi of a 2.9M solu-
 tion of phenylmagnesium bromide (46.4 mmoles) in
‘diethyl ether was stirred with 3 ml THF. The solvent
were removed under reduced pressure leaving a glassy
residue. After cooling in an ice bath, dry THF (25 ml)
was added, very slowly at first, while shaking and cool-
ing the flask. Upon completion of this addition, the
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reaction solution was allowed to warm to room temper-
ature. Some of the solid, which had become granular,
remained undissolved. The solution was cooled to (°
and 0.05 g cuprous cyanide (0.56 mmoles) was added.
Then 2 ml of p-tolyltrichlorosilane (11.35 mmoles) was
added in portions over a several minute period. Gas
chromatographic analysis after 15 minutes showed con-
siderable product formation. After 80 minutes, the reac-
tion was carefully quenched with 30 ml of water while
still in the ice bath. The organic layer was removed and
the aqueous phase was extracied three times with 20 ml
volumes of THF. The combined organic layers were

dried (MgSQy), filtered and stripped down to 4.1 g of

crude product. Recrystallization from ethyl acetate
vielded 2.67 g (67% yield) of p-tolyltriphenylsilane, mp
144°-144.5°, TH and 13C NMR spectra confirm this
structure. Another recrystallization yielded maternal
melting at 145°-146°. Elemental analysis for C,H and Si
confirmed the purity. |

EXAMPLE 41

This example illustrates comparative results when the
procedure of Example 40 is carried out without a cya-
nide catalyst. Before hydrolysis, gas chromatography
indicated the absence of p-tolyltriphenylsilane and the
presence of p-tolyltrichlorosilane and the presence of at
least five other compounds. After hydrolysis, the or-
ganic phase contained no p-tolyltriphenylsilane nor any
of the previously seen peaks by gas chromatographic
analysis.

EXAMPLE 42

This example illustrates the process of this invention

in the production of silahydrocarbons useful as HY-

DRAULIC BLEND.

A 1.08M solution of dialkylmagnesium in THF was
prepared from a blend of l-octene (70 mol %) and 1-
decene (30 mol %). 27.2 g of cuprous cyanide (0.3 mol)
was added to 8.5 liters of the dialkylmagnesium solution
at about 10° under an argon blanket in a 5 gallon stirred
reactor. MeSiCl; was added slowly to maintain the
reaction medium below about 15°. After addition of 715
ml of the MeSiCl3 (6.1 mol) the reaction medium tem-
perature was mainfained at 20°-25° for about 1 hour.
The reaction medium was then cooled to about 10° and
quenched with 2 liters of water, added in small portions
to avoid excess exothermic hydration of the unreacted
materials. The resulting mixture was then transferred
slowly into a container of crushed ice and concentrated
muriatic acid (about 5 kg ice and 3 liters of muratic
acid). After stirring for several hours, the mixture was
separated into an organic phase and an aqueous phase.
The organic phase was fiitered through diatomaceous
earth. THF and residual olefin were removed from the
organic phase by distillation. Further filtration removed
precipitated solids. After removal of low boiling com-
pounds, including sublimed anthracene, stlahydrocar-
bons were recovered by distillation in a packed column
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1. A process for producing silahydrocarbons com-
prising mixing in solution a halo-substituted silane, an
organomagnesium compound and a cyanide compound.

2. The process of claim 1 wherein said cyantde com-
pound is present such that the molar ratio of cyamde to
halo-substituted silane is less than about 0.2:1.

3. The process of claim 1 wherein said organomag-
nesium compound comprises a Grignard reagent.

4. The process of claim 3 wherein said process is
carried out in a Grignard stable solvent.

5. The process of claim 4 wherein said solvent com-
prises an ether.

6. The process of claim § wherein said ether com-
prises tetrahydrofuran.

7. The process of claim 1 wherein said halo-sub-
stituted silane is an organotrihalosilane.

8. The process of claim 1 wherein said organomag-
nesium compound comprises diorganomagnesium.

9. The process of claim 8 wherein said process is
carried out in a Grignard stable solvent.

10. The process of claim 9 wherein said solvent com-
prises an ether.

11. The process of claim 10 wherein said ether com-
prises tetrahydrofuran.

12. A process for producing silahydrocarbons by
reacting a halo-substituted silane with an organomag-
nesium compound comprising effecting said reacting In

. the presence of a catalytically effective amount of a

30

35

45

50

55

at about 0.7 mm pressure, liquid temperature of 60

243°-290°, and vapor temperature of 197°-250°. Yellow
and fluorescent color was removed by passing the
silahydrocarbon through a neutral alumina (activity 1)
bed. The yield of a mixture of methyltrioctylsilane,
methyldioctyldecylsilane, methyloctyldidecylsiiane
and methyltridecylsilane was about 2 kg, about 79%
based on MeSiCls. '
What 1s claimed 1is:

65

cyanide. |

13. The process of claim 12 wherein said reacting is
carried out in a Grignard stable solvent.

14. The process of claim 13 wherein said solvent
comprises an ether.

15. The process of claim 14 wherein said ether com-
prises tetrahydrofuran.

16. The process of claim 12 wherein said organomag-
nesium compound comprises diorganomagnesium Of a
Grignard reagent.

17. The process of claim 16 wherein said organomag-
nesium compound comprises dialkylmagnesium, diaryl-
magnesium, an alkyl Grignard reagent, an aryl Gngn-
ard reagent, or mixtures thereof.

18. The process of claim 12 wherein halo-substituted
silane is added to a solution of organomagnesium com-
pound. |

19. The process of claim 18 wherein the molar ratio of
said cyanide to reacted halo-substituted silane 1s less
than about 0.2:1.

20. A process comprising adding a halo-substituted
silane to a solution of organomagnesium compound
containing a cyanide.

21. The process of claim 20 wherein said solution
comprises an ether solvent.

22. The process of claim 21 wherein said ether sol-
vent comprises tetrahydrofuran.

23. The process of ¢laim 22 wherein said cyantde 1s
present in a catalytically effective amount.

24. The process of claim 23 wherein said cyanide is
present in an amount such that the molar ratio of cya-
nide to amount of halo-substituted silane added is less
than about 0.2:1.

25. The process of claim 24 wherein halo-substituted
silane is SiX,R4_,, where X is a halogen; R is hydro-
gen, alkyl, aryl, alkaryl, alkoxy, amine, or siloxy; and n
1s 1-4.

26. The process of claim 25 wherein said organomag-
nesium compound is RoMg or RMgX, when X 1s halo-
gen; and R is alkyl, aryl, or alkaryl.
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27.A process for producing tetraorganosilanes com- nesium compound is RyMg or RMgX, where X.is a
prising reacting halo-substituted silanes with or- halogen; and R 1is alkyl, aryl, or alkaryl.
ganomagnesium compounds in the presence of a cata- 30. The process of claim 29 wherein said reacting is
lytically effective amount of a cyanide. carried out in a medium comprising an ether.

28. The process of claim 27 wherein said halo-sub- | 31. The process of claim 30 wherein sald ether com-
stituted silane is an organo-trihalosilane. | | prises tetrahydrofuran.

~ 29. The process of claim 27 wherein said organomag- | * v+ ¥
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